The aim of this study was to determine fluctuations in blood glucose level of donkeys experimentally infected with Trypanosoma evansi. Apparently healthy donkeys were assigned to experimental groups A 1 , A 2 and B of 6 animals each. The animals were housed in prepared pen and zero-grazed. Groups A 1 and A 2 were infected with about 2.0x10 6 T. evansi/animal through jugular vein. Group A 2 animals were treated with isometamidium chloride (1%), 0.5mg/kg body weight, deep I.M. once. Group B was uninfected control. Parasitaemia and blood glucose levels were evaluated using Light Microscopy and digital Blood Glucose Monitor respectively in the phases of experiment. System Analytical Statistics corporation-2010 was used to analyse data. Means of parasitaemia and blood glucose levels have been presented graphically. Analysis of Variance was used to compare group means of variables at 95% confidence level. Results showed undulating parasitaemia wave in early stage of infection and became latent in infected-untreated group in chronic stage. Treatment with isometamidium caused mean parasitaemia to drop to 0/field but Mice inoculation tests for the group, revealed relapse in 3/5(60%) in chronic stage. Mean blood glucose level of group A 1 increased significantly (P<0.05) from pre-infection value of 72.7±1.0mg/dL to 77.7±0.1mg/dL on day 7 post-infection. Blood glucose level declined from day 14 significantly (P<0.05) decreased to 35.8±0.6 mg/dL. Group A 2 pre-inf. glucose level (59.0±0.7mg/dL) increased significantly (P<0.05) to 78.0±0.8mg/dL between day14 and 21 post-treatment (PT) but decreased significantly (P<0.05) on day 28 PT to 66.2±2.6mg/dL becoming constant till end of experiment on day 119 PT. It was concluded that blood glucose level of donkeys with surra but untreated, fluctuates with initial transient hyperglycaemia and later persistent hypoglycaemia which extends to chronic stage of infection. Treatment of donkeys with standard dose of isometamidium is associated with slight but persistent hyperglycemia PT.
INTRODUCTION
Trypanosoma evansi (T. evansi) infection (surra) is widespread in the tropical and subtropical areas of the world such as Asia, Africa, Middle East, Central and South America causing great economic loss due to reduced traction power [1] and death of affected animals [2] . Camels, cattle horses, donkeys, zebra, mules, dogs and pigs are amongst the animals affected and lose weight progressively until they ultimately die [3, 4] . The transmission of T. evansi among animals is mechanical, by biting flies especially by those of the genera; Tabanus sp, and Stomoxys sp, Haematopota sp, Lyperosia sp and Chrysops sp [5] as well as transplacentally in donkeys [6] .
In Nigeria, donkeys are widespread and owned by both pastoralists and farmers especially in the Northern part who use them as source of traction power or means of transport [7] because they are easy to manage as they tolerate some tropical diseases and parasites, survive on poor quality feeds and thrive under adverse climatic conditions [8] unfortunately scientific data available on donkeys is scanty due to little research attention accorded the animal specie [7] .
Despite the benefits and advantages of keeping donkeys, surra remains a protracted and fatal disease of camels and equids in Nigeria [9] , that is limiting the work efficiency and productivity of affected animals [1] and other variable pathologies such as hypoglycemia in camel [10] and rat [11] . In this study, blood glucose levels of donkeys was evaluated pre-infection, postinfection and post-treatment with isometamidium chloride with a view to understanding the fluctuations in blood glucose
Screening for Parasites
About 5g faecal sample was collected from the rectum of each animal and examined for gastrointestinal parasites using floatation and sedimentation methods [16] to ascertain parasites load. The animals were dewormed using fenbendazole bolus (Fenacure ® , Ashish Life Sciences PVT ltd, India) at the dose rate of 10 mg/kg bd wt orally, once [17] .
Four milliliters (4mL) of whole blood was collected from jugular vein of each animal using 5mL syringe and 18G needle. Three milliliters (3mL) of the blood was stored in sterile tubes containing liquid tripotassium salt of Ethylene Diamine Tetra-acetate (EDTA K 3 ), 1mg/mL of whole blood as anticoagulant [18] and examined immediately for haemoparasites infections using 2 preparations each of Wet Blood Film (40x objective), micro haematocrit centrifuge tube and Giemsa Stained thin blood smear (100x oil immersion objective) [19] . An average of 20 microscope fields was examined from each preparation.
Animal inoculation: The balance of 1mL of blood collected from each donkey was transferred into sodium heparin-coated 1mL sterile disposable syringe with 25G X 1½ inch needle and 0.5mL of the blood was injected into a mouse intra-peritoneally [15] using 2 representative mice per donkey [20] . The inoculated mice were monitored for haemoparasites by examining their tail tip blood using Haematocrit Centrifugation Technique and Wet Film at 48 hours intervals for 14 days [21] , and remained under observation up to 60 days post-inoculation.
Identification and Grouping of Animals
Serially numbered aluminum plate (about 5g) neck-tags were assigned to the donkeys for identification. A sample frame of each gender was prepared and treated one after the other by random picking of animals and placing in experimental groups A 1 , A 2 and B to obtain a total of 6 animals (3 male and 3 female) in each experimental group. Choice of groups of animals inoculated with T. evansi as well as assigning of Isometamidium chloride treatment was made randomly [22] .
The rats and mice were caged according to the group of donkeys they represented. Marks were applied on the various body parts of the rats and mice using permanent marker to reflect the donkey they represented.
Evaluation of Blood Glucose levels
The ear vein of each restrained experimental animal in all groups was swabbed and pricked using sterile 18G needle to obtain a drop of whole blood as reported by Weiser [23] and Wolfensohn and Lloyd [15] . The drop of whole blood (about 0.7µL) was placed on the test strip of a digital blood glucose monitor (Fora ® G20, Fora Care Inc., U.S.A.) to assay blood glucose level as recommended by the manufacturer. The level of glucose in blood was displayed on the digital monitor screen in mg/dL. The tests were conducted within the pen between 06.00 a.m. and 08.00 a.m. local time to minimize the influence of feeding [24] . Samples were collected at 7 days interval (weekly) during the pre-infection (baseline data) x4, post-infection (x4) and post-treatment (x20) phases of experiment.
Propagation of Trypanosoma evansi
Trypanosoma evansi originally isolated from camel and maintained in Wistar rats was obtained from the Department of Veterinary Parasitology and Entomology, Ahmadu Bello University, Zaria and used in this experiment. The level of parasitemia of the infected Wistar rat was first determined to be +4 (representing greater than 20 parasites per field of microscope after examining 20 fields) on haematocrit centrifugation technique (HCT). One milliliter of parasitaemic blood was collected via ocular vein into heparinised sample bottle and diluted with 1mL phosphate buffered saline glucose solution. About 0.5 mL of the inoculum was inoculated into each of a set of 4 donor rats, intra-peritoneally using sterile 1mL disposable syringe, 25G X 1 1 / 2 inch needle [21, 15] .
The donor rats were monitored for parasitaemia levels at 48 hours intervals using Wet Film method [20] for 12 days post-inoculation at the end of which the 4 rats showed between +2 to +4 (6-10 to >20 parasites per microscope field) parasitaemia levels. The 4 donor rats were bled and the blood was pooled into a sterile conical flask containing heparin sodium 20 Units/mL of blood. A total of 15mL parasitaemic-pooled blood was obtained and the parasitemia was reevaluated using haemocytometer [18] . The parasitaemic-blood was diluted with phosphate buffered saline glucose solution giving 1.0 x10 6 T. evansi /mL of inoculum [21] .
Experimental Infection and Monitoring of Parasitaemia
The experimental animals in groups A 1 and A 2 were immediately infected with prepared inoculum using 2mL (2.0x10 6 T. evansi) per animal through the jugular vein. Infection day was considered as day0 of infection. Group B animals remained as Un-infected (control). Parasitaemia levels were evaluated postinfection (PI) daily from day 0 to 7 and twice per week (3 and 4 days apart) from day 7 to 28 using ear vein blood examined on HCT and Giemsa-stained thin blood smears [20, 25] . Levels of parasitemia were scored using Woo method [26] .
Treatment of Infected Animals and
Monitoring of Parasitaemia Following the observation of a third wave of parasitaemia in all infected animals on day 28 PI, group A 2 animals were treated using isometamidium chloride (Securidium ® , Laprovet, France) 1% solution at the dose rate of 0.5mg/kg bd wt by deep intramuscular injection once [17] . The treatment day was considered as day0 of treatment. Parasitaemia levels were monitored posttreatment (PT) daily from day 0 to 7, twice pe week (3 and 4 days apart) from day 7 to 28 and at seven days intervals from day 28 to 147 to determine the effects of isometamidium chloride treatment in controlling infection and consequently possible restoration of glucose levels to pre-infection values in treated animals.
DATA ANALYSIS
System Analytical Statistics (SAS) corporation-2010 was used to compute means of values of variables for groups of animals and graphs were prepared using Microsoft Excel 2010. Analysis of Variance (ANOVA) was used to compare means of variables between experimental animal groups and within groups at 95% confidence level, where P< 0.05 was considered statistically significant [27] .
Ethical Considerations
The welfare of the experimental donkeys was according to the guidelines on accommodation and care for animals used for experiment and other scientific purposes of the European Communities, contained in Appendix-A of Council Directive 86(609)EEC, 'Directive 2010/63' and approved by the Ahmadu Bello University Research and Ethics Committee in Zaria, Nigeria.
RESULT

Parasitaemia Levels in Groups of Donkeys Infected with Trypanosoma evansi
Post-Infection Parasitaemia
Some of the animals in the T. evansi-infected groups (A 1 and A 2 ) were became positive for the parasite on day 3 and by day 4, all animals in the 2 groups were positive. Parsitaemia levels increased gradually from day 3 with undulating waves that peaked on days 7, and 18. A third rising-wave of parasitaemia was observed on day 28 in the two infected groups and animals in group A 2 were treated (arrowed on X-axis of Fig.1 ).
Fig1. Mean levels of parasitaemia in donkey experimentally infected with Trvpanosoma evansi
Post-Treatment Parasitaemia Group A 1 (Infected-Untreated)
Direct examination of the blood of infecteduntreated group of donkeys using HCT showed an undulating wave of parasitaemia at the beginning but became aparasitaemic on day 100 PI (equivalent to day 72 PT) (Fig.2) . However, mice inoculation test (MIT) on day 110 PI resulted in death of all inoculated mice by day 15 post-inoculation from heavy parasitemia observed to be +3 to +4/field on HCT. This indicated that there was latent infection in Infected-untreated animal group as at day 100 PI. Group A 2 (Infected, Isometamidium Chloride-Treated)
The T. evansi-infected, isometamidium chloride-treated group of animals showed sudden drop in mean parasite count from approximately 12/field on day 1 to about 2/field on day 2 PT but by day 11 PT, the group was aparasitaemic on HCT (Fig.2) . Mice inoculation tests (MIT) on this group on days 21 and 50 were negative for all animals but by day 100 PT, 6/10(60%) of mice were positive (showing only 1 parasite, 1+ per microscope field) representing 3/5(60%) of donkeys in the group while negative mice accounted for 4/10(40%) representing 2/5 (40%) of donkeys. Mice were monitored for 48 days post-inoculation during which the positive (60%) and negative (40%) mice maintained their 1 parasite (1+) per microscope field and negative status respectively.
Fig2. Mean Levels of Trvpanosoma Evansi Observed in Experimentally Infected Donkeys Post-Treatment
Group B (Un-Infected,Un-Treated) Animals in this group remained negative throughout the experiment.
Fluctuations in Mean Blood Glucose Level
The mean pre-infection (Pre-I) value was 72.7±1.0mg/dL. The mean glucose value increased significantly (P<0.05) on day 7 post-infection (PI) to 77.7±0.1mg/dL. Fourteen (14) days PI, the blood glucose level began to declined and by day 42 PI (equivalent to day 14 PT) it had significantly (P<0.05) decreased to 35.8±0.6 mg/dL. There was gradual rise to 62.0±2.5mg/dL on day 105 PI (equivalent to day 77 PT) elevating the value to near pre-incfection value and remained constant to the end of experiment on day 147 PI (equivalent to day 119 PT) ( Fig.3 ).
Fig3. Trend of Fluctuations in Mean Blood Glucose Levels of Donkeys Experimentally Infected with Trvpanosoma evansi in the Three Phases of Experiment
Group A 2 (T. Evansi-Infected, Isometamidium-Treated)
The mean pre-infection value was 59.0±0.7mg/dL. On day 14 PI animals began to show decline in blood glucose levels which significantly (P<0.05) decreased to 47.5±0.2mg/dL between day 21 and 28 PI. Following treatment with isometamidium chloride, there was significant (P<0.05) rise in glucose level (78.0±0.8mg/dL) between day14 and 21 PT. From day 28 PT blood glucose reversed to 66.2±2.6mg/dL which was significantly (P<0.05) above pre-infection value and was maintained at the level to the end of experiment on day 119 PT (Fig.3 ).
Group B (Uninfected-Untreated)
The control group maintained blood glucose level of 71.8±1.6mg/dL throughout the experiment (Fig.3 ).
DISCUSSION
In this study, there was sudden rise in blood glucose levels of all T. evansi-infected groups of animals in early stage of infection which coincided with the period of high parasitemia in the groups of T. evansi-infected animals. The observed rise suggest host-organ damage at cellular level due to toxic releases from parasites and immune complexes [28, 29] . Acute injury to pancreas might have reduced insulin activity to control blood glucose level [30] resulting in the sudden rise in glucose level observed in early stage of infection. As T. evansi infection persisted, the blood sugar levels of donkeys declined. This finding can be explained by the reports that host glucose reserve is increasingly utilized and depleted by host animal body cells in febrile condition [31] , blood stream form trypanosome, trypomastigote [32] and in presence of hepatocytes degeneration [33] in trypanosomosis due to increased demand for metabolism resulting in hypoglycemia [10] . These factors contribute to depletion of glucose in Trypanosoma evansi infected donkeys [34, 35] . There was improvement in blood glucose level observed in the chronic stage of infection in this study. This may be due to decrease in parasitaemia level in chronic stage [36] due to curtailment by host immune system [31] and consequently reduced glucose demand by parasites at later stage of the disease [32] . However, the persistence of hypoglycemia in infected-untreated groups of donkeys reflects lack of parasite control or cure in the groups [36] .
Animals treated with isometamidium chloride showed immediate improvement in mean blood glucose level, which agreed with similar report on rat model [11] . However, the observe high rise of glucose post-treatment above preinfection level and its later sustenance slightly above the pre-infection level, suggests functional damage to pancreatic islet cells as organ damage at cellular level have been reported as a major finding in T. evasi infection (surra) in donkeys [35, 37] . Similarly, treatment with isometamidium chloride which belongs to the same chemical group as homidium [38] is reported to be toxic to other species of animals [17] .
CONCLUSION
It was concluded that blood glucose level of donkeys with surra fluctuates with initial transient hyperglycaemia and later persistent hypoglycaemia that extends to chronic stage of T. evansi infection. Donkeys treated with standard dose of isometamidium show slight but persistent hyperglycemia.
RECOMMENDATIONS
Donkeys diagnose as positive for surra, should be evaluated for blood glucose level to enable decision making on the need or otherwise for improved high energy feed (bran and grains) and or glucose-rich fluid therapy and allow animal under treatment to rest from work. Further study should be conducted on insulin activity especially during the periods of transient hyperglycaemia and in animals treated with isometamidium to obtain further histochemical explanations for the fluctuations.
